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Abstract. The spectra of very high energy γ-radiation observed from distant extragalactic objects suer signicant
deformations during the passage of primary γ-rays through the intergalactic medium. The recently reported
fluxes of diuse infrared background radiation indicate that we detect, most probably, heavily absorbed TeV
radiation from BL Lac objects Mkn 421 and Mkn 501, especially at energies above 10 TeV. This implies that the
source spectrum of Mkn 501 corrected for the intergalactic absorption may contain a sharp-pile which generally
contradicts to the predictions of current models of TeV emission of BL Lac objects, and thus leads to the so-called
\IR-TeV crisis". To overcome this diculty, in this paper we study two possibilities assuming that (i) the TeV
γ-rays from Mkn 501 have a secondary origin, i.e. are formed during development of electron-photon cascades
in the intergalactic medium initiated by primary γ-rays; (ii) the pile-up in the source spectrum is a result of
comptonization (in deep Klein-Nishina regime) of ambient optical radiation by the ultrarelativistic cold conical
outflow (jet) with bulk motion Lorentz factor Γ0  3:3 107. We show that the rst hypothesis cannot reproduce
the spectral shape of the TeV emission from Mkn 501. At the same time we demonstrate that the inverse Compton
radiation of the ultrarelativistic cold jet hypothesis can quite satisfactorily explain the unusual spectral features
of the \reconstructed" TeV radiation. We briefly discuss the astrophysical implications of this hypothesis.
Key words. galaxies: BL Lacertae objects: individual: Mkn 501 { cosmology: diuse radiation { gamma rays:
observations { gamma rays: theory
1. Introduction
The cosmic background radiation (CBR) at infrared
to ultraviolet wavelengths carries crucial cosmological
information about the galaxy formation epochs. It is
believed that this radiation basically consists of two
emission components produced by stars and partly
absorbed and re-emitted by dust during the entire
history of evolution of galaxies. Consequently, two
distinct bumps in the spectrum of red-shifted radi-
ation at near infrared (NIR)   1 − 2 m and far
infrared (FIR)   100 − 200 m wavelengths, and a
mid infrared (MIR) \valley" between these bumps are
expected (?, see e.g. )]dwek/::iv:1998, primack/:1999,
pei/:1999, silk/devriendt:2000, malkan/stecker:2000,
hauser/dwek:2001,franceschini/:2001.
Direct measurements of CBR contain large un-
certainties because of heavy contamination caused
by foregrounds of dierent origin (?, for review
see)]hauser/dwek:2001. Gamma-ray astronomy oers a
complementary approach to derive information about
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CBR. Although this method requires certain model as-
sumptions about the primary (un-absorbed) spectrum of
γ-rays, it has an adequate potential for robust conclu-
sions concerning the absolute flux and the spectrum of
CBR. Moreover, the study of angular and spectral prop-
erties of γ-radiation from predicted giant electron-positron
halos surrounding powerful nonthermal extragalactic ob-
jects like AGN and radiogalaxies with known redshifts (?)
can provide a unique tool to \measure" unambiguously
the broad-band spectrum and the absolute flux of CBR
at dierent cosmological epochs, and thus to probe the
evolution of galaxies in past.
The spectra of high energy (E  10 GeV) γ-radiation
observed from distant extragalactic objects suer signif-
icant deformation during their passage through the in-
tergalactic medium due to interactions of primary γ-rays
with CBR (???). The absorption features in the γ-ray
spectra depends on the flux of CBR, thus the study of
such features from extragalactic objects with rmly es-
tablished distances could yield important constraints on
CBR. Strictly speaking, this approach requires good un-
derstanding of the source spectra of γ-rays from ensem-
ble of sources located at dierent cosmological distances.
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Otherwise, the conclusions based merely on γ-ray obser-
vations from a single source would be essentially model-
dependent, and therefore would permit dierent interpre-
tations concerning both the intrinsic γ-ray spectrum, and
the flux of CBR.
Presently we do face such an ambiguity, when trying
to interpret the multi-TeV γ-ray emission of Mkn 501
observed during its remarkably strong and long flare in
1997 (?). The only denite conclusion which can be drawn
from these observations is that we see, most probably,
signicantly absorbed TeV radiation, especially at ener-
gies above 10 TeV, for which the optical depth could
be as large as 10 (???). Moreover, a non-negligible ab-
sorption may take place already at low, sub-TeV ener-
gies (??). However, the analysis of the intergalactic ab-
sorption at sub-TeV and multi-TeV parts of the spectrum
of Mkn 501 leads to two essentially dierent conclusions.
The absorption-corrected γ-ray spectrum at low energies,
based on the CBR fluxes reported at 2.2 and 3.5 m (???)
and on the current theoretical predictions for NIR (?, see
e.g.)]primack/:2001, is in a general agreement with the
Synchrotron-self-Compton (SSC) model of X- and TeV
radiation of Mkn 501 (?, see e.g.)]guy/:2000, krawczyn-
ski/coppi/:2000, primack/:2001. On the other hand, the
corrections to the γ-ray spectrum at energies above 10
TeV based on the unexpectedly large CBR fluxes detected
by COBE at 140 and 250 m (???) result in an \un-
reasonable" source spectrum. Namely it implies a source
spectrum which sharply curves up above 10 TeV, unless
we assume that the CBR flux at MIR between 10 and 50
m is quite low (a few nW=m2sr), and at longer wave-
lengths it increases rapidly (F / s with s  2) in or-
der to match the COBE points (???). Even so, the large
DEBRA fluxes at 140 and 250 m imply very flat \re-
constructed" source γ-ray spectral energy distributions
(SED), S = E2 dN=dE = E2− with photon indices
  2. Such flat source spectra extending beyond 10
TeV require, within SSC models, rather unconventional jet
parameters, namely very large Doppler factors and very
small magnetic elds (H. Krawczynski and P. Coppi, pri-
vate communication; J. Kirk, private communication).
A real trouble arises, however, when we take into ac-
count the recent claims about detection of CBR flux at
100 m (??), and especially at 60 m (?). If we refer
the reported fluxes to the truly diuse extragalactic back-
ground radiation, then a little room would be left for spec-
ulations concerning the spectral shape of CBR in order to
prevent the \unreasonable" γ-ray source spectrum. This
implies that we should accept the existence of a sharp
pile-up in the spectrum of TeV radiation. Motivated by
such a non-standard spectral shape of TeV-radiation, re-
cently several extreme assumptions have been made in
order to overcome the \IR background { TeV gamma-ray
crisis" (?). In particular, ?) suggested an intriguing hy-
pothesis that the HEGRA highest energy events are due
to Bose-Einstein condensations interacting with the air at-
mosphere, and proposed a test to inspect this hypothesis
by searching for peculiar features of showers detected by
HEGRA in the direction of Mkn 501. Subsequently, the
HEGRA collaboration has demonstrated (?) that the de-
tected shower characteristics are in fact in good agreement
with the predictions for the events initiated by ordinary γ-
rays. Another, even more dramatic hypothesis { violation
of the Lorentz invariance { has been proposed by several
authors (?, see e.g.)]coleman/glashow:1999, kifune:1999,
kluzniak:1999, aloisio/:2000, amelino-camelia/piran:2001,
protheroe/meyer:2000 to solve this problem. We may add
to the list of \exotic" solutions of the \IR background {
TeV gamma-ray crisis" a less dramatic, in our view, hy-
pothesis, assuming that Mkn 501 is located at a distance
signicantly less than 100 Mpc { a good news for the ad-
vocates of non-cosmological origin of some of AGN and
quasars (?, see e.g.)]hoyle/burbidge:1996, arp/:1997.
Although very fascinating, it seems to us too prema-
ture to invoke such dramatic revisions of essentials of
modern physics and astrophysics. The nature of the FIR
isotropic emission detected by COBE is not yet rmly es-
tablished, and it is quite possible that the bulk of the
reported flux, especially below 100 m, is a result of su-
perposition of dierent local backgrounds. Needless to say,
that this would be the simplest solution of the problem
(??). In this paper we adopt, however, that the reported
FIR fluxes have universal (extragalactic) origin. This im-
plies that we adopt the existence of a pronounced pile-up
in the γ-ray spectrum of Mkn 501 above 10 TeV, but try
to nd an explanation of this spectral feature within the
framework of new but yet conventional astrophysical sce-
narios. In this paper we propose and study two potential
ways to overcome the \IR background { TeV gamma-ray
crisis":
(1) TeV γ-rays from Mkn 501 are not direct repre-
sentatives of primary radiation of the source, but have
a secondary origin, i.e. they are formed during the de-
velopment of high energy electron-photon cascades in the
intergalactic medium initiated by interactions of primary
γ-rays with diuse extragalactic photons. This hypothe-
sis implies a rather extreme assumption concerning the
strength of the intergalactic magnetic eld on  1 Mpc,
B  10−18 G.
(2) The \reconstructed" source spectrum of Mkn 501
with a flat (almost constant) SED below 10 TeV, and
a pile-up beyond 10 TeV, is partly or entirely produced
by monoenergetic ultrarelativistic beam of electrons due
to the inverse Compton scattering in deep Klein-Nishina
regime. In order to avoid signicant radiative (synchrotron
and Compton) losses, which otherwise would result in
an equilibrium, E−2e type dierential spectrum of elec-
trons, we assume that such a beam of electrons in fact
is a cold, conical kinetic-energy dominated ultrarelativis-
tic wind with the bulk Lorentz factor Γ0  4  107
formed beyond the accretion disk of the central black hole.
Apparently this hypothesis implies non-acceleration origin
of highest energy γ-rays detected from Mkn 501.
F.A. Aharonian et al.: Highest energy gamma-rays from Mkn 501 3
Fig. 1. Cosmic background radiation. The reported fluxes are
shown with lled symbols: ?) { diamonds, ?) { circles, ?) {
squares, ?) { triangles. The low limits are shown by open sym-
bols: ?) { diamonds, ?) { triangle, ?) { circles, ?) { squares,
The CBR models are shown by solid line { Model I, by dotted
line { Model II, by dashed line { Model III, by dot-dashed line
{ Model IV (for details see the text)
2. Absorption of gamma-rays in CBR
The reported fluxes and flux upper/low limits of CBR
from optical/UV to far IR wavelengths are shown in Fig. 1.
The reliability and the implications of these measurements
are discussed in the recent review article by ?). The level
of the spectral energy distribution (SED) of CBR at op-
tical/NIR wavelengths with the \best guess estimate" be-
tween 20 and 50 nW=m2sr is comparable with the overall
energy flux of FIR of about 40-50 nW=m2sr (?). This in-
dicates that an essential part of the energy radiated by
stars is absorbed and re-emitted by dust in a form of
thermal sub-mm emission. Currently the information at
mid-infrared wavelengths is very limited. The only avail-
able measurement at 6 and 15 m on Fig. 1 derived from
the ISOCAM source counts (?) shown in Fig. 1 should be
treated as a lower limit. In Fig. 1 we show also a slightly
higher flux estimate at 15 m reported by ?). Therefore
the flux estimate at the level of’ 2−3nW=m2sr (?) as well
as the lower limits based on the IRAS counts at 25-100 m
(?) do not allow rm conclusions about the depth of the
MIR \valley" dominated by radiation of the warm dust
component. Consequently, it does not provide sucient
information for denite predictions regarding the slope of
the spectrum in the most crucial (from the point of view
of absorption of  10 TeV γ-rays) MIR-to-FIR transition
region.
As long as the available measurements of CBR do not
allow a quantitative study of the eect of absorption of
γ-rays in the intergalactic medium, we can rely only on
model predictions or on the \best guess" shape of the CBR
spectrum. In this regard we notice that the reported high
FIR fluxes present a common problem for all current CBR
models. Therefore, if one adopts that the reported FIR
fluxes have truly diuse extragalactic origin, an essential
revision of the CBR models is needed in order to match
the data. Such an attempt has been made recently by ?)
who showed that their semi-analytical approach, with a
reasonable adjustment of some model parameters, and us-
ing the empirical dust emission templates of ?), can match
the reported FIR fluxes.
In Fig. 1 we present a template of the CBR spectrum
which ts all reported fluxes or upper/lower limits of CBR
(including, within 2- uncertainty, the 60 m point), and
the same time has a general shape close to the predic-
tion of the current theoretical models in all 3 principal
{ optical/NIR, MIR and FIR { bands of CBR. Actually
this idealized smooth template of CBR spectrum (here-
after Model III; the dashed line in Fig. 1) is quite similar
to the CBR spectrum shown in Fig. 1 of ?) based on their
reference model for IR galaxy evolution, as well as to some
of the recent theoretical models of ?). It has a rather flat
shape in the MIR-to-FIR transition region, F / s with
s  1. This results in short mean free paths of γ-rays above
10 TeV (L  50 Mpc; see Fig. 2), and consequently in a
sharp pile-up in the reconstructed γ-ray source spectrum
(see Fig. 3) determined as :
J0(E) = Jobs(E) exp [(E)] ; (1)
where Jobs is the observed γ-ray spectrum, (E) =
d=L(E) is the intergalactic optical depth, and d is the
distance to the source.
If we adopt that the reported FIR fluxes correctly
describe the level of truly diuse background radiation,
only two ways are left for reduction of the eect of at-
tenuation of  10 TeV γ-rays: (i) an ad hoc assump-
tion of the CBR flux at wavelengths between 10 and 60
m at the marginally acceptable (i.e. the ISOCAM low-
limit) level, but with very rapid rise beyond 60 m in
order to match the reported fluxes at FIR, and (ii) adopt-
ing for the Hubble constant H0 ’ 100 km=s Mpc, i.e.
the assuming the smallest possible distance to Mkn 501
d = cz=H0 = 102 Mpc (z = 0:034).
In Fig. 1 we show 2 other model spectra of CBR (solid
line { Model I, dotted line { Model II) which t the data
at NIR and FIR, but at the same time allow minimum
intergalactic γ-ray absorption, because both spectra are
forced to be at the lowest possible level at MIR-to-FIR
transition region set by the ISOCAM lower limit at 15 m.
At optical/NIR wavelengths we assumed for both models
an approximation which coincides with the Model - III.
The CBR fluxes above 140 m are approximated by
the function suggested by ?). Below 140 m for both I
and II Models we assume the same spectral shape de-
scribed by Planckian distribution. Such spectra should
be considered as a lower limit, because in the most crit-
ical MIR-FIR transition region near 60m it is essen-
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Fig. 2. Mean free path of γ-rays for 4 dierent models of the
CBR spectrum: solid line { Model I, dotted line { Model II,
dashed line { Model III, dot-dashed line { Model IV. The hor-
izontal lines indicate the distances to Cen A, M87, Mkn 501,
and 3C 273 (H0 = 60 km=s Mpc).
tially the Wien part of the blackbody spectrum { the
steepest (physically justied) continuous spectrum. The
Model II marginally agrees with the 100 m point but
underestimates the flux at 60 m by a factor of 5 com-
pared with the flux reported by ?). This model signi-
cantly suppresses the photon density between 50 and 100
m, and correspondingly allows larger mean free paths
for γ-rays with energy more than several TeV (Fig. 2).
Such a SED of CBR results in almost E−2 type \recon-
structed" spectrum of γ-rays from Mkn 501 at energies
between approximately 2 and 20 TeV (Fig. 3). This has
a simple explanation. For the constant SED of CBR (the
flat part of the spectrum 2 in Fig. 1), nCBR() / −2,
the photon-photon optical depth is proportional to E (?,
see e.g.)]gould/schreder:1967 with an absolute value for
Mkn 501 (E)  0:16(E=1 TeV) (H0 = 60 km=s Mpc).
Therefore, in the absorption-corrected (source) spectrum
of γ-rays given by Eq. (1), the optical depth  almost com-
pensates the exponential term of the observed spectrum of
Mkn 5011, which from 0.5 TeV to 20 TeV can be presented
in a simple \power-law with exponential cuto" form (?)
Jobs(E) / E−1:92 exp (−E=6:2 TeV) : (2)
Recently, the HEGRA collaboration published the re-
sults of reanalysis of the spectrum of Mkn 501 (?) using an
improved method of shower energy reconstruction with 10
1 Note that somewhat dierent CBR models with more
complex spectral shapes can also results in a flat, E−2
type power-law absorption-corrected γ-ray spectrum (?, see
e.g.)]coppi/aharonian:1999, konopelko/:1999
Fig. 3. Spectral Energy Distribution (SED) of Mkn 501. The
experimental points (lled circles) correspond to the time-
averaged spectrum of Mkn 501 during the flare in 1997 (?).
The heavy line corresponds to the t to this data in the form
of Eq. (2). The star correspond to the flux in the highest energy
bin around 21 TeV obtained after the reanalysis of the same
data set but with improved energy resolution (?). The vertical
line at 17 TeV indicates the edge of the spectrum of Mkn 501
measured by HEGRA with high statistical signicance. The
solid, dotted, dashed and dot-dashed lines represent the recon-
structed (absorption-corrected) spectra of γ-rays for the CBR
Models I,II, III and IV, respectively (H0 = 60 km=s Mpc).
to 12 per cent energy resolution (?). Apparently the im-
proved energy resolution is more relevant for derivation
of the shapes of steep γ-ray spectra, e.g. spectra with ex-
ponential or sharper cutos. The new HEGRA spectral
analysis conrmed the results of the previous study up
to energy 17 TeV, but shows a steeper spectrum beyond
that energy (?). Therefore in Fig. 1 we show only one
point of the new analysis - the flux in the highest energy
bin around 21 TeV (star) which lies signicantly below
of the flux value of the previous study (open circle). We
should notice, however, that the points above 17 TeV in
both papers do not have high statistical signicance any-
way, therefore below we limit our study only by the energy
region up to 17 TeV (i.e. by the region on the left side of
vertical lines shown in Fig. 3). In this energy interval the
energy spectra obtained by new and old methods are per-
fectly described (?) by Eq. (2).
Apparently, for conventional γ-ray production mecha-
nisms, the E−2 type γ-ray source spectrum is more com-
fortable than the spectra with a sharp pile-up. Therefore,
the Model II in Fig. 1 can be treated as the \best wanted"
CBR spectrum, although its flat shape in the broad MIR-
to-FIR transition region with very fast increase beyond
60 m hardly match the current theoretical models of
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CBR, as well as the FIR spectra of nearby galaxies, if we
take into account that the bulk of the integrated extra-
galactic background most probably have been generated
recently, at z < 1 (??). In particular, the shape of the
Model II contradicts to the average SED of the ISOCAM
sources which not only contribute a dominant fraction in
the CBR at MIR, but are likely are major contributors to
CBR at longer wavelengths (?).
All current CBR models fail to explain the the re-
ported flux at 60 m. If this point, however, represents
the truly diuse flux, we must assume a spectrum close to
the Model - I shown in Fig. 1 by the solid line. It should
be noticed that the Model I assumes a very steep slope be-
tween 30 and 60 m; a steeper spectrum (i.e. steeper than
the Wien tail of the black-body radiation) in this nar-
row wavelength band hardly could be physically justied.
Moreover, already 60 m photons have sucient energy
for eective interaction with  10 TeV γ-rays, therefore
we cannot suppress anymore the severe γ-ray absorption
by speculating about the spectral shape of CBR. This is
demonstrated in Fig. 4.
Finally, in Fig. 1 we show one more possible shape of
CBR (dot-dashed curve { Model IV) which assumes by
a factor of 2-3 higher flux at 15 m compared with the
reported flux based on the ISOCAM source count, and
smoothly passes through the low edges of the error bars of
the reported fluxes at 100 and 140 m. Surprisingly such a
high at MIR spectrum does not result in an unusual γ-ray
spectrum as long as it concerns the energy region below
10 TeV. Namely, at these energies we obtain an almost
single hard power-law γ-ray source spectrum with photon
index less than 2. Above 10 TeV we again observe a pile-
up which however in this case is less pronounced than in
the case of Models I and III.
A γ-ray photon with energy E propagating trough
isotropic photon eld can interact, via electron-positron
pair production, with ambient photons of energy  
th = (mec2)2=E ’ 0:26(Eγ=1TeV)−1 eV or of wave-
length  = 4:8(Eγ=1TeV) m. The latter relation is shown
in Fig. 4 by solid line. The cross-section of γγ interac-
tions averaged over the directions of background photons
peaks at max ’ 3:5thresh with maxγγ ’ (1=4)T (?, see,
e.g.)]vassiliev:2000
Therefore, even for broad, e.g. power-law spectra of
background radiation, the most contribution to the opti-
cal depth  comes from a narrow spectral band of CBR
within max  with   1=2max. However, for typi-
cal spectra of CBR with two distinct NIR and FIR bumps
and a MIR \valley", the relative contributions of dierent
spectral intervals of CBR to the optical depth 0 signi-
cantly depend on the energy of the primary γ-ray photon.
It is convenient to describe this dependence by the ratio




γγ(Eγ ; )nCBR() d ; (3)
Fig. 4. The contour map of the function (; E). The solid,
dotted and dashed lines show the levels of (; E) for the CBR
Models I, II, and III, respectively. The heavy solid line repre-
sents the threshold of γγ pair production.
and 0 = (Eγ ;  = 0) is the optical depth integrated
over the entire spectral range of CBR nCBR() above the
threshold th ’ 4:8 (Eγ=1 TeV) m.
In Fig. 4 the contour map of the function (E; ) is
shown for 3 dierent models of CBR in the spectral range
of γ-rays from 1 to 100 TeV, and for the CBR photons
from 1 to 500 m. For the given energy of γ-ray photon
E0, the spectral region of CBR responsible for the fraction
 of the total optical depth 0 is [; th], where  and
th are the abscissas of the points where the horizontal
line E = E0 intersects the corresponding level curve, and
the threshold line, respectively. In Fig. 4 four levels for
 = 10; 50; 90, and 99%, are shown. By denition,  = 0
corresponds to the threshold boundary ETeV = 0:21 .
It is seen that at E0 = 17 TeV approximately 50 per cent
of the total optical depth 0 is contributed by background
photons with wavelengths longer than 50m. Therefore
even the sharp cuto of the CBR flux below 50m cannot
prevent the large optical depth of 17 TeV γ-rays, as far as
we accept that the 60m flux has a cosmological origin,
and reflects the level of CBR at these wavelengths. This
is the case of Model I for which the free path of 17 TeV
γ-rays is about 20 Mpc, and therefore for the distance to
the source of 170 Mpc (H0 = 60 km=s Mpc) the optical
depth 0  8:5. The corresponding absorption factor is so
large (exp(−8:5) ’ 2 10−4) that the sharp le-up in the
absorption-corrected spectrum becomes unavoidable.
Since the exponent in the absorption factor is very
large, even relatively small reduction of the optical depth
0 may lead to a dramatic suppression of the γ-ray at-
tenuation. In particular, the Model III which has a more
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realistic spectral shape at mid infrared wavelengths, and
ts the FIR data above 100 m, allows a bit larger (25 per
cent or so) free paths at highest energy γ-rays. This makes
the pile-up less pronounced, but still cannot eliminate it
completely. Only the Model II gives a conventional, E−2
type spectrum.
We may reduce the absorption eect furthermore, as-
suming a larger, although presently less favored value for
the Hubble constant, H0 = 100 km=s Mpc. The latter
makes smoother the pile-up for the Model I, and almost
eliminates it for the Models III and IV. Therefore we may
conclude that it is possible, in principle, to avoid the \un-
wanted" sharp turn-up in the intrinsic γ-ray spectrum of
Mkn 501, if we adopt for CBR a model like the Model III,
and assume a very large value for the Hubble constant.
Below we discuss, however, possible solutions which
allow accommodation of both higher CBR fluxes and more
realistic value for the Hubble constant.
3. The effect of cascading in the intergalactic
photon fields
Generally, the propagation of high energy γ-rays trough
a low frequency photon eld cannot be reduced to the
simple eect of γγ absorption. When a γ-ray is ab-
sorbed its energy in fact is not lost. The secondary
electrons and positrons create new γ-rays via inverse
Compton scattering; the second generation γ-rays pro-
duce new (e+; e−) pairs, thus an electromagnetic cas-
cade develops. Actually, in the intergalactic space this
process is inevitable, and it may signicantly contribute
to the isotropic (extragalactic) γ-ray background radia-
tion (?)]protheroe/stanev:1996, coppi/aharonian:1997. It
is interesting to note that in the energy region of inter-
est the γ-rays and electrons interact with photon elds
of dierent origin. Although the energy density of the 2.7
K cosmic microwave background radiation (CMBR) sig-
nicantly exceeds the density of other (\starlight" and
\dust") components of background radiation (see Fig.
1), because of the kinematic threshold of the reaction
γγ ! e+e− the γ-rays with energy less than several hun-
dred TeV interact mostly with the infrared and optical
background photons. The inverse Compton scattering of
electrons does not have kinematic threshold, therefore the
electrons interact predominantly with CMBR.
For intrinsic γ-ray spectra harder than E−2 extend-
ing to energies E  100 TeV , the cascade spectrum at
lower energies could well dominate over the primary γ-ray
spectrum. On the other hand, the cascade spectrum typi-
cally has a standard shape which slightly depends on the
primary γ-ray spectrum. This makes rather attractive the
idea of interpretation of one of the most remarkable fea-
tures of the TeV radiation of Mkn 501, namely the surpris-
ingly stable spectral shape of the source in high state, de-
spite dramatic variation of the absolute flux on timescales
less than several hours (??)2. Moreover, as it was noticed
by ?), the shape of the TeV spectrum of Mkn 501 given
by Eq. (2) reminds the γ-ray spectrum formed during the
cascade development in the photon eld. Therefore, the
quantitative study of this eect presents a denite inter-
est.
We should note, however, that the interpretation of
the observed TeV emission from Mkn 501 in terms of the
intergalactic cascade radiation requires an extremely low
intergalactic magnetic eld. Indeed, for the eld exceed-
ing 10−12 G, the γ-rays of the cascade origin should be
observed in a form of an extended emission from a giant
isotropic pair halo with an angular radius more than sev-
eral degree (?). Both the detected angular size and the
time variability of the TeV radiation from Mkn 501 ex-
cludes such a possibility (??). For lower magnetic elds,
the cascade γ-rays penetrate almost on a straight line,
thus the rst argument based on the detected angular size
becomes less stringent. Note however that for the distance
to the source d  100 Mpc even tiny deflections of the sec-
ondary (cascade) electrons by the intergalactic magnetic
eld leads to non-negligible time delays of arriving γ-rays
(??):
tB ’ 10(d=170Mpc)(E=1TeV)−2(B=10−18G)2 h (4)
This would smear out the observed time variation of the
TeV flux on timescales less than several hours (?), unless
B  10−18 G3. Although very dramatic, this assumption
could not be a priori ruled out, especially if we take into
account that the typical scale of the so-called intergalactic
voids, where the magnetic eld could be extremely small,
is estimated as  120(H0=100 km=s=Mpc)−1 Mpc (?), i.e.
comparable or lager than the distance to Mkn 501.
For such a low intergalactic magnetic eld, we have
studied the spectral properties of electromagnetic cas-
cades generated by the primary multi-TeV radiation of
Mkn 501 in the intergalactic medium, using a fast numeri-
cal method based on the solution of adjoint cascade equa-
tions (?). Two processes have been taken into account:
electron-positron pair production and inverse Compton
scattering. The details of calculations and astrophysical
implications will be published elsewhere.
The idea behind the attempt to interpret TeV radia-
tion of Mkn 501 by the intergalactic cascade is the fol-
2 Note that the spectral change during the strong April 16,
1997 flare reported by the CAT collaboration (?), as well as
the noticeable steepening of the spectrum in a low state of
Mkn 501, found by the HEGRA collaboration (??) do not con-
tradict to this statement. These eects, in fact, could be caused
by variations of the ratio of the \cascade" component to the
overall (\unabsorbed" plus \cascade") flux of γ-rays due to, for
example, the increase of the maximum energy in the primary
spectrum during strong flares.
3 Actually, due to non-zero ( mec2=E) emission angles of
the secondary products in the γγ ! e+e− and eγ ! eγ0 reac-
tions, we should expect a non-negligible broadening, and con-
sequently time delays of the cascade radiation even at the ab-
sence of magnetic eld (?).
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Fig. 5. The cascade development initiated by primary monoen-
ergetic γ-rays with energy (a) E0 = 10
4 TeV and (b) E0 = 10
2
TeV for the CBR Model I. The curves show the number of
cascade γ-rays in dierent energy intervals as a function of the
penetration depth.
lowing. The number of photons in a given energy band of
the cascade spectrum could essentially exceed the number
of γ-rays in the absorbed primary γ-ray spectrum. The
γ-rays of highest energies during their propagation trough
the intergalactic photon elds initiate cascade, which pro-
duce many lower energy photons, i.e. transfer the energy
from the primary highest energy photons to lower energy
γ-rays. Thus, the cascade somewhat "move" the source
closer to the observer. In order to illustrate this eect, in
Fig. 5 and 6 we show the number of cascade γ-rays in 5
energy bands as a function of the penetration depth. In
the case of a cascade initiated by monoenergetic primary
γ-rays of energy E0 (Fig. 5), the number of photons in all
energy bands sharply increases and reaches its maximum
at some distance R which is approximately determined
by the condition (E0)  1 or R ’ L(E0), where L(E0)
is the mean free path of primary photons. Beyond R the
cascade develops more slowly. This stage is characterized
by ‘competition’ between production and absorption pro-
cesses. While the low energy (0.1 - 0.3 TeV) γ-rays con-
tinue to (slowly) grow, the number of higher energy (10-30
TeV) γ-rays drops beyond 10 Mpc, the reason being the
lack of the \fuel", i.e. highest energy particles, which could
support further development of the cascade at these ener-
gies.
It is interesting to note that the overall picture slightly
depends on energy of the primary photon (compare curves
in Fig. 5 calculated for E0 = 104 and 102 TeV). This
Fig. 6. The same as in Fig. 5, but for the power-law spectrum
of primary γ-rays, J0(E) / E−2 extending to Emax = 102 TeV
(dashed lines) and Emax = 10
4 TeV (dot-dashed lines). The
solid lines show the evolution of the number of un-absorbed
primary γ-rays, i.e. without the contribution of the secondary
(cascade) component.
explains why the spectrum of an well-developed cascade
is almost independent of the primary γ-ray spectrum.
The case of the cascade initiated by a broad-band spec-
trum of primary γ-ray photons is more complicated be-
cause the observer detects a mixture of the primary (un-
absorbed) and secondary (cascade) γ-rays. Two example
of cascades triggered by a E−2 type primary γ-ray spec-
trum with Emax = 102 TeV (dashed lines) and Emax = 104
TeV (dot-dashed lines) are shown in Fig. 6. In order to
demonstrate the photon excess caused by the cascade de-
velopment, we show also the evolution of the number of
photons calculated for the case of a simple absorption ef-
fect, i.e. J(E) = J0 exp [−R=L(E)].
In Fig. 7 we show the spectra of cascade γ-rays from
Mkn 501, calculated for the Hubble constant H0 = 60.
The spectrum of the source was assumed to be power-law
J0(E) / E− with  = 2. For softer source spectrum
( > 2) the most power is radiated in the lower energy
band, therefore the cascade has small impact on the result-
ing spectrum, in particular at low energies around 1 TeV.
The optical depth in this spectral range is less than 1, and
therefore the detected spectrum near 1 TeV would have
a form steeper than E−2; this contradict to observations
(???). For hard source spectrum ( < 2) the most power is
radiated in the high energy range, and therefore the result-
ing spectrum is dominated by the \cascade" component.
At energies below 1 TeV , the spectrum of the cascade
radiation is very hard with a photon index  1:5. This
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Fig. 7. Cascade spectra initiated by primary γ-rays from
Mkn 501. The solid, dotted, and dashed lines correspond to
the Model I, Model II, and Model III of CBR, respectively
(H0 = 60 km=s Mpc). The experimental fluxes and the heavy
solid line are the same as in Fig. 3.
also contradicts to the observed spectrum of Mkn 501.
Therefore in order to t the TeV spectrum of Mkn 501
by the intergalactic cascade radiation, the primary γ-ray
spectrum should have a form close to E−2 in order to
avoid the strong dominance of the cascade component in
the overall spectrum at low energies.
For a narrow, e.g. Planckian type spectrum of eld
photons, the γ-ray spectrum of (well-developed) cascade
radiation has a standard shape with a power low pho-
ton index 1.5 at energies E  E ’ 4 m2ec4= (where
 ’ 3 kT ), and sharp cuto beyond E. In the case
of broader spectrum of background photons the spectral
shape of CBR does play a non-negligible role in formation
of the cascade spectrum, especially in the region of the
cuto, the details of which are determined by the function
(E). This is seen in Fig. 7, where the presented cascade
spectra are calculated for 3 dierent models of CBR shown
in Fig. 1.
The comparison of the cascade spectra with the de-
tected spectrum of Mkn 501 shows that despite the gen-
eral similarity none of the calculated spectra satisfactorily
t the details of the observed spectrum. Indeed, the high
quality data of HEGRA obtained during the high state of
the source rule out the \intergalactic cascade" hypothesis
of TeV radiation of Mkn 501, at least for the CBR Model
I (solid curve) and Model III (dashed curve), Actually
both CBR models allow rather good ts below 10 TeV,
but the cascade spectra signicantly underestimate the γ-
ray fluxes above 10 TeV. Calculations show that for the
Hubble constant H0 = 100 km=s Mpc, the cascade gives
smoother γ-ray spectra in the cuto region, but at the
same time it predicts a flat, E−2 type spectrum up to 10
TeV which contradict the HEGRA measurements.
The cascade spectrum calculated for the Model II of
CBR (dotted line) marginally agrees with the HEGRA
points, given the 15 per cent uncertainty on the energy
scale throughout the entire energy range from 0.5 to 20
TeV, and up to factor of 2 statistical and systematic un-
certainties in flux estimates above 10 TeV (??). Thus, for-
mally we cannot completely rule out the cascade origin
of TeV radiation. Nevertheless we should note that this is
true only for the Model II type spectrum of CBR which
does not explain the 60 m flux (see Fig. 1) Moreover, such
a model of CBR allows a reasonable absorption-corrected
γ-ray spectrum, without a need of implementation of the
cascade eects. Thus the \intergalactic cascade" hypoth-
esis loses, to a large extent, its signicance, given the
high price we have to pay for that { the dramatically low
( 10−18 G) intergalactic magnetic eld.
4. Gamma-radiation produced by ultrarelativistic
unshocked jets
As it follows from Eq. (4), even a tiny magnetic eld
of about 10−17 G would lead to the delay of arrival of
TeV γ-rays, compared with associated low energy pho-
tons, e.g. X-rays, more than 1 month. This obviously
contradicts the observed strong X/TeV correlations, ob-
served in particular during the strong outburst of Mkn 501
in 1997 (?, e.g.)]pian/:1998, catanese/:1997, krawczyn-
ski/coppi/:2000. Therefore, for the intergalactic magnetic
eld exceeding 10−17 G the absorption-corrected spectrum
of γ-rays given by Eq. (1) appropriately represent the
source spectrum in the high state. If so, we face a dif-
culty with the current common belief that the source
spectrum of γ-rays should have a \decent" shape, i.e. be
in accord with the predictions of conventional astrophys-
ical scenarios suggested for blazars. Indeed, none of the
models of blazars, in general, and of Mkn 501 in particu-
lar, allow the striking feature which appears unavoidably
in the absorption-corrected spectrum of Mkn 501 above
10 TeV (see Fig. 3), if we adopt that the reported high FIR
fluxes are due to the truly extragalactic background radi-
ation. All versions of both electronic and hadronic mod-
els, suggested until now, predict smooth broad-band γ-ray
spectra with characteristic (gradual or sharp) steepening
above 10 TeV.
Formally, it is possible to \reproduce" a γ-ray spec-
trum with sharp pile-up assuming very narrow features in
the distribution of accelerated particles. It is interesting
to note in this regard that almost all particle accelera-
tion models predict power-law distributions with high en-
ergy cut-os. While the cuto energy E0 can be estimated,
generally quite condently, from the balance between the
particle acceleration and the energy loss rates, the shape
of the resulting particle spectrum in the cuto region de-
pends on many specic mechanisms of acceleration and en-
ergy dissipation. Remarkably, even within the \ordinary"
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shock acceleration scenarios we may expect not only spec-
tral cutos, but also pronounced pile-ups preceding the
cutos (e.g. ???), see however ?))
Within the proton-synchrotron model of blazars, such
a pile-up would result in a pronounced bump in the syn-
chrotron TeV emission at ’ 0:3−1Dj TeV (?), where
  1 is the so-called gyrofactor. However, the location of
the bump at E  17 TeV would require very large Doppler
factor Dj  50 . In the leptonic models the pile-up in the
electron spectrum would result in corresponding features
in the synchrotron X-ray and inverse Compton TeV γ-
ray spectra. The absorption-corrected spectra of Mkn 501
shown in Fig. 3 require very sharp pile-up in the electron
spectrum. Whether such a pile-up could be formed in re-
alistic particle acceleration models of small (sub-pc) jets
of blazars is a question of future detailed studies. Below
we oer a dierent, non-acceleration scenario which pos-
tulates that the TeV radiation of Mkn 501 is a result of
comptonization of the ambient low-frequency radiation by
ultrarelativistic jet-like outflow with a Lorentz factor of
bulk motion of about Γ ’ (3− 4) 107.
The relativistically moving plasma outflows in forms
of jets or winds, are common for many astrophysical phe-
nomena on both galactic or extragalactic scales (?, see
e.g.)]mirabel:2000. Independent of the origin of these rel-
ativistic outflows, the concept of the jet seems to be the
only successful approach to understand the complex fea-
tures of nonthermal radiation of blazars, microquasars
and GRBs. The Lorentz factor of such outflows could
be extremely large. In particular in the Crab Nebula the
Lorentz-factor of the MHD wind is estimated between 106
and 107 (???). The conventional Lorentz-factors of jets in
the inverse Compton models of γ-ray blazars, are rather
modest, Γ  10. However there are no apparent theo-
retical or observation arguments against the bulk motion
with extreme Lorentz-factors (see e.g. discussion by ?) on
Mkn 421). ?) have shown that in the context of cosmolog-
ical GRBs the magnetically dominated jet-like outflows
from stellar mass black holes may attain extreme bulk
Lorentz factors exceeding 106. We are not aware of simi-
lar calculations (and conclusions) concerning the massive
black holes - the engines of AGN. Therefore we will limit
our discussion by postulating existence of the outflow in
Mkn 501 moving, at least at initial stages of its propa-
gation in the vicinity of the central black hole, with an
extreme bulk Lorentz factor  107. If true, it is almost
obvious that the outflow should have MHD origin, the en-
ergy being extracted from the rotating black hole through
the Blandford-Znajek type mechanism (see ?) for a recent
review). In proximity of the accretion disk the outflow
most probably should be Poynting-flux dominated in or-
der to avoid the Compton drag. Furthermore, we assume
that at relatively large distances from the central object,
where the photon density is signicantly reduced, an es-
sential part of the electromagnetic energy is transfered to
the kinetic energy of bulk motion, i.e. may become kinetic-
energy-dominated (KED) jet with the so-called sigma-
parameter (the ratio of the electromagnetic energy den-
sity to the particle kinetic energy density)   1. In the
case of the cold relativistic outflow (like the wind in the
Crab) we hardly could expect noticeable synchrotron ra-
diation. Indeed, although the energy of electrons in the
frame of observer can be as large as 10 TeV, they move
together with magnetic eld, and thus they do not emit
synchrotron photons. Nevertheless the cold ultrarelativis-
tic outflow is not invisible. It could be revealed due to the
inverse Compton γ-radiation of wind electrons. The sug-
gested scenario is quite similar to the inverse Compton
γ-radiation from unshocked winds in isolated (?) or bi-
nary (?) pulsars. Apparently, in this scenario the dense
ambient photon target eld is the second important in-
gredient, in addition to the ultrarelativistic cold wind, for
eective production of γ-rays. Remarkably, even in the
case of relatively week BL Lac objects there are several im-
portant sources of infrared and optical emission within the
inner sub-parsec region of the central source { IR emission
from the dust torus, broad-line emission from fast moving
clouds, starlight, etc. It is easy to show that the Compton
optical depth C in this region could be as large as 1. We
refer the reader to the paper by ?) where the authors dis-
cuss the optical depth of (quite similar) pair-production
process for TeV γ-rays in Mkn 421. Actually we have to
introduce some additional conditions to avoid the destruc-
tion of the jet due to the Compton drag. On the other
hand, since for C  1 the γ-ray luminosity is proportional
to the product Lj  C, the optical depth should not be
much less than 1 in order to have modest energy assump-
tions concerning the jet power Lj. Obviously, the most
favorable value for C  1 lies between 0.1 and 1. Due to
extremely large bulk Lorentz factor Γ  107, the Compton
scattering on the ambient optical photons with energy
more than 1 eV proceeds in deep Klein-Nishina regime;
therefore the γ-radiation should have a very narrow dis-
tribution with energy E  Ee = mec2Γ. Meanwhile, the
IC scattering on far IR photons still takes place in the
Thomson regime, resulting in a smooth broad-band spec-
trum.
In Figs 8 and 9 we demonstrate that the overall
absorption-corrected spectrum of Mkn 501 can be satis-
factorily interpreted in the terms of bulk inverse Compton
emission of the jet, assuming a specic ambient radiation
eld consisting of two - narrow (Planckian) type radiation
with temperature kT  1 eV (curve I) and broader IR ra-
diation, which formally could be presented in a power-law
form n() / −m with m  1:8 (curve II), More specif-
ically, the best t for the CBR Model I is achieved for
kT = 2 eV and m = 1:8, with the ratio of the energy den-
sities of two components of about r = w1=w2 = 163. The
CBR Model III requires similar, although slightly dier-
ent parameters: kT = 0:2 eV and m = 1:8, and r = 9:5.
In both cases the bulk Lorentz factor Γ = 3:33  107 is
assumed.
The γ-ray component caused by inverse Compton scat-
tering of the jet electrons on relatively \hot" narrow pho-
ton distribution presents the prime interest because this
component provides the most critical part of the spec-
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Fig. 8. Inverse Compton spectrum of cold unshocked ultrarela-
tivistic jet with bulk motion Lorentz factor Γ = 3:33107. The
radiation component associated with comptonization of ambi-
ent optical photons with narrow spectral distribution is shown
by the dashed line I. The IC spectrum on ambient photons with
broad-band spectral distribution is shown by the dashed line
II. The heavy solid line represents the superposition of these
two components. Formally, the dashed line II could be treated
as residual of the total TeV source emission after subtraction of
the unshocked wind component I, and therefore can be referred
to the IC radiation of blobs in shocked jet (see Fig. 10). Fits
to the observed flux of Mkn 501 are shown by thin solid lines.
Curve 1 corresponds to the t given by Eq.(2) and curve 2 {
to the steepest possible spectrum above 17 TeV based on the
reanalysis of Mkn 501 HEGRA data (?). Absorption-corrected
spectrum of Mkn 501 for CBR Model I is shown by dotted
lines 10 and 20 for the ts to the observed spectrum 1 and 2
respectively.
trum - the pile-up. Moreover, we can omit the second
(\Thomson") component of γ-radiation (for example as-
suming larger values for the ratio r = w1=w2 compared to
the ratios used in Fig. 8 and 9). This should not create
a serious problem for the model, because we may com-
pensate this lose by assuming that the low (E  10 TeV)
part of the γ-ray spectrum is formed at later stages of
evolution of the jet, namely due to transformation of the
bulk kinetic energy of the jet into random energy of rela-
tivistic electrons, e.g in the form of so-called blobs mov-
ing with Lorentz factor of about 10. This can be real-
ized through the acceleration of electrons by the terminal
shock which may be created at interaction of the jet with
the ambient matter (here again, we could see an interest-
ing analogy with the Crab Nebula). Actually this is the
stage which is treated in all conventional, SSC or exter-
nal Compton models of X-ray and γ-ray emission of TeV
blazars (?) with \standard" jet parameters like Doppler
Fig. 9. The same as Fig.8, but for CBR Model III.
factor of about 10-30, and the magnetic eld of about 0.1-1
Gauss (????). The dierence is that in the two-stage sce-
nario of jet radiation suggested here, we solve the problem
of the pile-up referring the latter to the rst stage of radi-
ation of the (unshocked) wind. Such a two-stage scenario
is illustrated in Fig. 10.
5. Discussion
It is believed that the diuse extragalactic infrared back-
ground radiation may have dramatic impact on the mod-
els of TeV blazars. In particular, the recently reported
high CBR fluxes, both at NIR and FIR bands, im-
ply that we detect signicantly absorbed TeV radiation
even from relatively nearby objects like Mkn 421 and
Mkn 501. Due to the energy-dependent mean free path
of γ-rays in the intergalactic medium, the detected spec-
tra of TeV emission from extragalactic objects at cos-
mological distances signicantly deviates from the source
spectra. It is important to note that the intergalactic
absorption does not simply imply spectral cutos, but
rather modulates the primary spectrum over the broad
energy band from sub-TeV to multi-TeV energies. For
some CBR models, the \high-state" TeV spectrum of
Mkn 501 after correction for the intergalactic absorp-
tion becomes very hard (Fig. 3 ), dN=dE / E−2 (?,
e.g.)]coppi/aharonian::SSC:1999,konopelko/:1999 or even
flatter (???), if the CBR density at relatively flat part
of the spectrum at mid infrared wavelengths exceeds
10−3 eV=cm or F  3:8 nW=m2sr (?). Although for-
mally such spectra can be described within the conven-
tional SSC models, the detailed treatment of the prob-
lem within the one-zone SSC model requires quite uncon-
ventional jet parameters, in particular very large Doppler
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Fig. 10. Sketch of the two-stage γ-ray production scenario in Mkn 501. At the rst stage, the observed highest energy γ-rays
above 10 TeV with a sharp spectral form (\pile-up") are produced due to comptonization of the ambient optical photons
of energy  1 − 2 eV by the cold ultrarelativistic jet with bulk motion Lorentz factor Γ  107 − 108. Low energy γ-rays,
Eγ  10 TeV can be also produced due to comptonization of far infrared photons with broad spectral distribution. At the
second stage, relatively low energy (Eγ  10 TeV) γ-rays are produced in the blobs moving with Lorentz factor of about Γ  10
in accordance with the standard SSC or external IC models.
factor j exceeding 100, and very weak magnetic eld
B  0:01 G. If so, this perhaps would require alterna-
tive models for TeV emission like the proton-synchrotron
model which can satisfactorily t the data of Mkn 501
and Mkn 421 even for quite high CBR fluxes (Aharonian
2000). Another interesting possibility could be a scenario
like \cascade in the radio jet" which assumes that the
dN=dE / E−1:5 type spectrum is a result of cascade de-
velopment in the jet initiated by E  100 TeV photons
produced at the base of the jet (J. Guy, private commu-
nication).
However all these models fail to explain the sharp pile-
up which appears at the end of the \reconstructed" spec-
trum of Mkn 501, if the reported FIR fluxes correctly de-
scribe the level of the diuse cosmic background radia-
tion. Remarkably, such a pile-up appears unavoidably not
only due to the reported extremely high flux at 60m,
which obviously needs further conrmation, but also, al-
beit in a less distinct form form, due to the fluxes at
longer wavelengths   100m reported by several in-
dependent groups. To avoid such an unusual shape of
γ-radiation, recently several dramatic assumptions have
been proposed concerning the origin of the detected sig-
nals (Bose-Einstein condensations instead of γ-rays) or va-
lidity of one of the fundamental physics laws (the Lorentz
invariance). Also, the pile-up in the source spectrum of
Mkn 501 could be avoided speculating that the source is
located much closer to us than it follows from the Hubble
law, i.e. assuming non-cosmological origin of the redshift
z = 0:034.
The aim of this study was to investigate some other
possible ways which would allow us to overcome the \IR
background { TeV gamma-ray crisis" with less dramatic
assumptions. In particular, we studied two possibilities,
namely (i) assuming that the observed TeV spectrum of
γ-rays from Mkn 501 is formed due to the cascade initi-
ated by primary γ-rays in the intergalactic medium, and
(ii) assuming that the detected highest energy γ-rays are
result of bulk-motion comptonization of the ambient opti-
cal photons by the ultrarelativistic unshocked conical wind
emerging from the central source.
The cascade development in the extragalactic pho-
ton elds results in a non-negligible increase of the ef-
fective mean free path of γ-rays, assuming extremely low,
 10−18 G, intergalactic magnetic elds. This extreme
(but not completely unreasonable) condition is necessary
in order to avoid the time delays which would contradict to
the observed time correlations in dierent energy bands.
However, the results of our numerical calculations show
that this hypothesis is not able to reproduce the observed
spectrum of Mkn 501.
The second hypothesis seems to be more promising in
the sense of quite satisfactorily explanation of the shape
of the sharp pile-up at the end of the reconstructed γ-
ray spectrum above 10 TeV. Although the assumption
about the existence of such a wind with extreme bulk
motion Lorentz factor Γ  3:5  107 is somewhat un-
usual and perhaps even provocative (at least it has not
been discussed in the literature before), it cannot be a
priori ruled out. Moreover, a similar scenario most prob-
ably takes place, although on signicantly smaller scales,
in environments of pulsars. The rotation-powered pulsars
eject plasma in the form of relativistic winds which carry
o bulk of the rotational energy. At a distance d  1 pc
the wind is terminated by a strong standing reverse shock
which accelerates particles and randomizes their pitch an-
gles. This results in formation of strong synchrotron and
inverse Compton nebulae. On the other hand, it is gener-
ally believed that the region between the pulsar magne-
tosphere and the shock is invisible because the electrons
move together with magnetic eld and thus do not emit
synchrotron radiation. However, recently it has been ar-
gued that such winds could be directly observed through
their inverse Compton emission, the low-frequency seed
photons for comptonization being provided by the neu-
tron star in the case of radiopulsars like Crab or Vela
(?) or by the optical companion star in the case of bi-
nary pulsars like PSR B1259-63 (?). If such a cold ultra-
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relativistic conical wind can indeed be produced in the
proximity of the central rotating black hole (e.g. through
the Blandford-Znajek mechanism), because of existence of
dense photons elds in the inner sub-parsec region, it could
be very powerful emitter of inverse Compton γ-radiation.
The later however would not be accompanied by notice-
able synchrotron radiation.
The possibility to disentangle the multi-TeV emission
with a characteristic sharp pile-up at the very end of the
spectrum, Eγ ’ mec2Γ associated with the unshocked
jet, from the sub-10 TeV emission associated with the
shocked structures (e.g. blobs) in the jet (see Fig. 10) ,
not only solves the \IR background { TeV gamma-ray
crisis" but also allows more relaxed parameter space for
interpretation of X-rays and the remaining low energy
( 10 TeV) γ-rays within the conventional SSC scenario.
Consequently, this oers more options for interpretation
of X-ray/gamma-ray correlations both on small (t  sev-
eral hours) and large (weeks or more) timescales. If the
overall TeV radiation of Mkn 501 indeed consists of two,
unshocked and shocked jet radiation components (curves I
and II in Figs. 8, 9), we may expect essentially dierent
time behaviors of these radiation components. In particu-
lar, the \unshocked jet"  10 TeV radiation should arrive
earlier than the SSC components of radiation consisting
of synchrotron X-rays and sub-10 TeV γ-rays. Generally,
all principal parameters of blobs like the magnetic eld
B, the maximum energy of electrons Emax, the radius of
the blob, etc., which determine the spectra and absolute
fluxes of synchrotron X-rays and IC TeV γ-rays, may dra-
matically evolve in time (?). Therefore we should expect
strong X/TeV correlations, especially during strong flares
of the source. These correlations may be realized in quite
dierent forms, i.e. it could vary from flare to flare depend-
ing on the time-evolution of specic parameters of blobs.
At the same time the IC radiation of the unshocked jet
signicantly depends only on the Lorentz factor of the jet
Γ. If the latter during short flares remains unchanged, we
should expect rather stable spectral shape of the  10 TeV
emission, despite strong variations of the SSC radiation
(X- and γ-ray) components. It should be noticed that be-
cause of possible external broad-band infrared radiation
elds, the unshocked jet radiation component may signi-
cantly contribute to the low energy TeV radiation as well
(see Sect. 4). If so, it would enhance correlations between
high and low energy bands of TeV radiation, On the other
hand, it would reduce and make more complicated correla-
tions between the low energy TeV γ-rays and synchrotron
X-rays.
On larger time-scales, e.g. in a low state of the source
which could last weeks or months, the bulk motion Lorentz
factor of the unshocked jet may be smaller than in high
states. This would not only reduce the luminosity of all
components of nonthermal radiation, but also would make
softer the overall γ-ray spectrum above several TeV.
The straightforward prove of the suggested model
would be detection of TeV γ-ray spectra with character-
istic sharp high energy pile-up. Apparently this requires
nearby objects within 100 Mpc, thus the main fraction
of  10 TeV γ-rays would arrive without signicant in-
tergalactic absorption. However, all currently known BL
Lacs are located beyond 100 Mpc. This signicantly lim-
its the chances for direct detection of sharp pile-ups in
the spectra of BL Lacs or other type of blazars, unless the
initial Lorentz factors of ultrarelativistic outflows in some
objects do not exceed Γ  107.
Important tests of the suggested two stage (pre-shock
plus post shock) scenario of the TeV radiation of jets can be
provided also by the search for correlations (or lack of such
correlations) of high energy (multi-TeV) γ-radiation with
both the low energy (e.g. 1-3 TeV) γ-rays and synchrotron
X-rays. The low statistics of (heavily absorbed) γ-rays
above 10 TeV makes the search for such correlations rather
dicult, and requires ground-based instruments with very
large,  105 m2 detection areas in this energy domain.
The new generation imaging Cherenkov telescope arrays
like CANGAROO-3, H.E.S.S. and VERITAS should be
able, hopefully, to perform such correlation studies.
